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LONG-TERM GOALS

Our goal is to develop methodologies for determining bathymetry in the nearshore zone, using
various types of remotely sensed images of waves as input. These methods obviate the need for direct
measurements in the field, which can be both costly and hazardous. We are particularly interested in
the surf zone, where linear wave theory provides a poor description of the behaviour of individual wave
crests. An ancillary goal is to improve the current Boussinesq model, such that it provides the necessary
inputs with appropriate accuracy.

OBJECTIVES
The objectives of the project are to:

1. Develop a synthetic data set, based on Boussinesq wave model predictions, representing a number
of cases of waves propagating over characteristic nearshore bathymetries.

2. Compare model results to available Field Research Facility (FRF) field data.

3. Study the feasibility of solving the inverse problem for bathymetry from measured surface data,
using a Boussinesq wave model to determine wave phase speeds and wave-induced height and
velocity fields.

4. Improve the applicability and performance of nearshore Boussinesq wave and current models.

APPROACH

A two-pronged approach has been taken toward the goal of inferring nearshore properties using
hydrodynamic models and remotely sensed measurements. The first direction looks to improve our
representation of nearshore hydrodynamics, while the second uses these models to interpret remotely
sensed images of the nearshore.

As an example of the first approach, we have improved prediction of wave height for shoaling waves
in the nearshore (Kennedyal., 2000c). This was accomplished by generalising previous formulations
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of the Boussinesgvave theoryto exploit degreesof freedomthat had not previously beenutilised.
The new formulation hasa significantly improved shoalingrange,with no dravbacks. An example
of the secondapproachis that of Misra et al. (2000), where a quasi-frozenassumptiorwas used
with Boussinesgequationsn orderto infer water depthsfrom two time-laggedimagesof the water
surface. Togetherthesetwin approachesave led to significantimprovementsin our capabiltiesto
predictnearshoréydrodynamicsndto usethis to infer waterdepths.

WORK COMPLETED

Therehave beennumerousrecentresultsimproving our basicrepresentatiof nearshorenydro-
dynamicsusing Boussinesagquations.Someof the earliercompletedwork gave us the capabilityto
predictawide varietyof phenomen@cludingwave shoaling breaking setup runupandwave-induced
currentgKennedyet al., 2000a;Chenet al., 2000a).This improvementof the Boussinesanodelfrom
a purewave transformatiortool to a comprehensie nearshordydrodynamicsnodelrepresents sig-
nificantadwance. We now have the capabilityto represent very wide variety of nonlinearnearshore
phenomenauchasunsteadyip currentsandlongshorecurrentswith goodaccurag (e.g. Chenet al.,
1999,2000Db).

Morerecentwork hasconcentrate@dnimproving thebasicaccurag of theBoussinesd@ormulations
used. The extensionsof Kennedyet al. (2000b)gave significantimprovementsn the representation
of nonlinearwaveswith no significantcomplications.Similarly, Kennedyet al. (2000c)gave a wide
variety of improvementsfrom improvedshoalingin intermediatedepthsto increasediccurag in rep-
resentingvave speedsn relatively deepwater This paperalsodetailedsomesimplified higherorder
equationsywhich cangive somehigherorderaccurag, but only showv lower orderterms(alsoKennedy
et al. 2000d).Someof thesechangehiave beenimplementedn a parallelversionof FUNWAVE writ-
tenin High Performancé&ortran.A differentapproacthasledto theimprovedrepresentatioof vertical
vorticity in themodelequationgChenet al., 2000b,Gobbiet al., 2000). Thesehave beenimplemented,
andprovide improvementsover olderformulations.Representationf nearshordnydrodynamicaising
Boussines@quationgs improving steadily

Comparisonsvith field andlaboratorydatashonv a goodrepresentatioof nearshoravave height
andwave-inducedross-shorandlongshorecurrentgChenet al., 1999,2000b).In its presenform, the
modelis now capableof predictingwave heights,directions,nonlinearinteractions breaking,runup,
and wave-inducedcurrentswith reasonableaccurag. Unsteadyprocessesre particularly well de-
scribedcomparedo otherwave transformatiormodels.

Inversionmodelshave beendevelopedfor radardatathathadpreviously beenassumedo be avail-
able.ThesdancludeDalrympleet al. (1998),whichlookedatsereraldifferentlinearinversionmethods.
Usinga Boussinesgnodel,Kennedyet al. (2000b)developeda methodto find waterdepthsusingtwo
laggedsnapshotef watersurfaceelevationsandvelocities. Misra et al. (2000)useda “quasi-frozen”
assumptiorio arrive ata simplertechniquehatrequiredsnapshotsf eithersurfacevelocitiesor eleva-
tion. All of theseweretestedusingsyntheticdata,asfield datawasunavailable. This lack of datahas
led usto discontinuenork on radarbasednversions.

We are now using video-basednversiontechniquesjnferring nearshorébathymetriegandindi-
rectly nearshordnydrodynamicshy matchingwave phasespeedsandbreakingpatterns.Figures2-3
show preliminarywork (Kennedyet al., 1999) using datasuppliedby Rob Holman of Oregon State
University, shaving that this approachcan give detailedestimatesof bathymetry particularlyin the
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Figurel: Computedand measurednstantaneousvatersurface(a); Hrys (b); meanwave-induced
current(c); currentcross-sectiorfd) duringDELILAH atDuck,NC

surfzonewhereothervideo-baseanethodsxperienceproblems.lt alsoprovidesthe meanof resolv-
ing adepthvs. currentambiguitywhich appearsn mostotherinversionmethods However, dueto the
relatively late switch from radarto video, it hasbecomeapparenthatthis taskwill not be completed
by the endof the project. This hasalsopreventeduseof JohnDugans AROSSdata. Efforts arenow

undervay to secureadditionalfundingfrom othersources.

RESULTS

An extendedBoussinesgnodelhasbeendocumente@dndreleasedy our centerfor generaluseby
thenearshorenodellingcommunity Both sourcecodeanduserananuakrefreely availablethroughthe
Centeifor Applied CoastaResearclby anorymousftp (www.coastal.udel.edu/pub/programs/fuawe-
2D). FUNWAVE hasbegunto beadoptedby numerousexternalusers.

Several depthinversionschemesave beendevelopedand published. Theseindicatethat, given
reasonablelata,depthinversionis indeedpossibleusing currenttechnology While bestresultsneed
estimatef surfaceelevationsandvelocities, it is possibleto producereasonabl@stimateswith less
completedatasets.However, the datamustbe bothreasonablandavailable.

IMPACT/APPLICATIONS

FUNWAVE providesthe nearshoreommunitywith a wave modelthatalsopredictswave-induced
currentsandinstabilities. The Boussines@pproachs expectedto be viable for mary yearsto come,
andwill provide estimate®f nearshordydrodynamicsvith everincreasingaccurag.

Depthinversionschemesllow theremotedeterminatiorof bathymetrywhichis of interestin both
military andcivilian applications.
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Figure3: Estimated — - —)) andmeasured—) bathymetriccrosssectionsat Duck, NC
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